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(57) Abstract: The threshold current of a 780-nm band InGaAsP well layer semiconductor laser device is low. The well layer is 
made of InGaAsP the P composition of which is 0.51 less than 0.55 to prevent spinodal decomposition in growing InGaAsP. The 
well layer is subject to compressive strain of o.65% less than 1% and greater than 0.25% to reduce the threshold current Thus, a 
780-nm wavelength band InAsGaP well layer semiconductor laser device is produced in which degradation of the active region (15) 
is prevented and the threshold current is reduced. Therefore the laser device can operate for a long time even in outputting high power 
of 100 mW or greater. A tensile strain of -1.2% is introduced into the barrier layer in the active region (15) thereby to compensate 
the stress due to the compressive strain of the well layer. As a result the reliability during high output is further increased. 
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7 8 Onra^I nGaAsP#FJi^fl:^-1f3RTFOffi;'IiM«B:»E{kS:EB5. 
SrPj&fifc&SO. 5 5 «fc t>/h£V^0. 5 1<D1 nGaAsPT*fi|^L-C> I nGaAs 

l % <t Vh$ <Ioo. 2 5%«t t>:fc#v^o. 6 5 %©JE*t3S t UT, 
at%^5»c1-5. rHt, l 5)o*{bS:S&Ci*l:iWttjltS:Tlf5 
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93 U # 

w<^>|g^tt, ^ W^^g^ $ ^ 5 C D ( = >/n7 h f >f ^ ^ ) ^ 

AlGaAs^O¥^# if Jfc ^F-tt* C D/MD^O)t7-f^ ^ &mT'<D fc° 5/ ^ 

1^— lf^^{w*5V^Tf±. 0i);tkf, n - GaAsItlil, n - AlGaAs*^!/ K 
S, AlGaAsf&t&f, p -AlGaAs^7^ K®, p - GaAsa^^^ hJgSrMI&: 

3£^tHi (Catastrophic Optical Damage : CO'D)^*-?-f&ffe!$©flMRtefcKI"t" 

s^afeWtt^JPffijas^WKritSitsr-tteJis. rort^ AiGaAs* 

StE^I^H*. GaAsitl±|I v p - AlGaAsT£ff^ 7 y VM 2 , i - InGa 
AsPT^^-f ■ KJf 3 f ^iSBXtt— 0 . 3%J^T<^§l31S^^i-5 1J1<D I nGa 
AsP#F®<!:3l3gS£rM-f 5 2jl<£> I nGaAsP^Mg^^SlC^ 
MJH^TOttW* 4 , i - I nGaAsP_LgBft;tf-r K® 5 , n - AlGaAs±g& 
11^7^ K® 6 , n - InGaPxj/fy^ Yy-fM 7, n - AlGaAs.hg|5^ 
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tLT^Zo t IT, Yvfmi ©i£Jbfc±lfBS6 2 7 7 7 KJ1 8 :fc J; 

tf=«:/7 7 M9t'^5^5'^ h7-Y7°^|jt*5^$^TVN5„ 

r <D V 7 V* Y 7 4 7"«|itJi N ii$^2. 2 |Sj&S=. 7^7 b 7 7° 7 

£ 5 H v > x C O D £ ft ± $ -tirT v n 5 „ 

zmmzmrnvx^ziK ^(om^i-t&^T^m^xh^o 

-Tftfr^ 47HtG-%>Xh2> InGaAsP^^Tf*. S"**! 
— ^ 

H 1 OtJl, I hGaAsP^71^/— ^U^i-SJaS^^7tV--^ftM 
&7jHV w ZfciSfcJap. J. Appl. Phys. , 21, p797 (1982) mzm& tlXte V . 
— &K£<%}btlX\<^Z>o $>5;Ef&<£> InGaAsP&f&ft^S^-giCte, Ell 

tVS. tfc^ot, ^Jtil 6 0 0 c CoftM±^fc5ija^© I nGaAsPte6 
^w^S, i§3t. iiainGaAsP^MOCVD^^M^^^&^^J: 

otfiEffSi^ j&S:2§.Ste6 0 0t~6 7 0XM&X?rt>tiZ> o rtili, P 

< xffilffi LJ,^/c*6^ fifeSiW^iii < T*# fev^ £ K J; 5„ 
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T't^V^r fctefc*. ^<Z)/c«?)^, 6 0 0^- 6 7 0 "CO^gitST^S $ -^T 

a*Kft»*^**»**ni>&ttH ^UStfXBiBJrCfcS 5 0 Ot-6 0 0°CH 

El 1 0 J. Electron. Mater. , 3, 3, p635(l974) tC^$tiT— Jttfcfcl 

tVCV^ I nGaAsP^©x^;^-/<!y K^-^r ^(Eg^kfE^LTV^o $ 
GaAsJCSti~53l*(l. 0%, 0. 2 5%, 0%, -1. 0 %£) «r**i-j|ft£rflfc 

r^T% 0»J;tffx InGaAsP^F^SrW-rS^^Wif^^, 7 8 Onm 
T'|g^£-£S CI ^©i^, I nGaAsP#FJf Kl^fc$;ft,5EgJ2. 

01 0\zW$Z(a-) t7jk£tlfcl. 5 5eV~l. 6 0eV#i££fr5o Ufc^oT, 

* oft ( a ) o tp uifcv astute * tv - ^/wiiotftfe 

5 5 0 0°C~6 0 Otlls T^s GaAs^i-5Si4^o%^M^<ir^5#3fiT* 
£ll©rW^, A»4»**#«/tftfctt, BlOCfcV^, fttt(a) 

ocfi-cfcoT^f ^ft<fto*#5 o o°c~6 o oti;!) t>*T#iRk -t~fc 

tt s tv 5 jagE^Ate-e t> 6 5 0 'csLt tttzit * % astete 

TP. J. A. Thi js, Proc. 13th IEEE Int. Semiconductor Laser Conf. , Takamatsu 
Japan, p2(Sept. 1992) J 3&S*>5. r. <D$tt\Zffil$L£inX-V^Z>&&k IS'fit^^S 

<t©im£&iii 1 1 \z.7jk-fo ztiizx z> mmm.te&xf3mm.<Dffiti<Dm&i> 1 . 
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■So 

La»L*#fe % ±.tSMM<D 7 8 0nm-e*«$^r5 I nG*AsP#FJB&£"-*-5 
^^V-lfm^O^I-fix ±^L^«t5^ BllOtefeV^ InGaAsP 

*tt-T?#fcV\, o*t), 3l3«^#F/i^^5¥^#^-Virf£i£S7 8 0 

±12 1 &}&mffctZ1t1t>. % 1 ©»I*JWU GaAs£K±^, 'pt£< 1 t>, $ 1 ^ 

0.7 6 y m <fc "9 < loO. 8 /xmJ; 0 /h£ V^^NffrU— if am^Jsv^ ±|5 
#FJf £ InGaAs^P x -C«^i-Si:*{3-, Jil^FJI©tt/^#©to^5©fc«: 
a (well) £ L, ±!3GaAsS^<D$&^^^ a (GaAs) i: Lfc*^^ £TFO|H 

x<0. 5 5 

{a (well)— a (GaAs)}/ a (GaAs)xl 0 0 < 1 . 0 (%) 
±iafi|j5felC <fcttf^ I nGaAs^P^FJlcDGaAsS^iZlStJ-rSM^ 1 % «t «9 

£<fcoTV^„ Lfe^ot, ^kV-^/V^H-t-^mS^ InGaAsP SrfigS 
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(Dm.A&%:£>-f±.5£ f{ a (well)— a (GaAs)}/a (GaAs)x 1 OOj^-fiSf^ 
0. 2 5% J: 9 hJz$ < ^oTV^5 8 
r. outfit J;*Ui. ±IB#FS©JEE#ISfl:dS. 0. 2 5%«t <9*#< 4ot 



JfO^litiO. 5%«t 9 Vh£ < ^otv^. 
wO||jS6^^J:H»i, ±fE#FJS^*a>0. 5%<fc»9 t>/h£v^c£\ InGa 

S/c. 1 2li£0»jT*f2, ±12811 O^WO^flci"— if^HC&V^T. ±15: 



5„ Lfc^o-c, ±u#jsm<Dmffi&\z&^zfcfi&m$a£hx, ±be#fji 
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4#KCD - R(CDrecordable), CD - RW(CDrewritable)^--<D»#& 



m 2 a, 2 b, 2 cit mi ^-r^^^-ifmT-o^it^^-t-iiT^So 

HI 3fi, *tSfl£*l5 7 8 Onm3gJgEgffi^(a)Sr^f-0T*>5o 

EI 7 ft, El 1 , EI 5 *5 ± t>*EI 6 £ liS^ 5 ^ift v-f i^l^fcft Si^S:^ 

25 EI9(^ t&feoAi^y — itzinit^mfci — if^a<^«it^-rKff®EIT*fc 

Ell Ofi. t&fei^k^fcftTVS I nGaAsPO^tV— ^ft^^-fEl 

aim, i nGaAsfrFm\zm^zMAtmmnM&mt<Dm&&7F-t&-v 



* 
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• m i Mt^<o^m 

s„ ^mmmmn, mm*o. 2 5 % £ 0 < 1 . 0 %«t t? vbbiss 

I nGaAsP#FJS©*^#F^^#£W1-5.«««*W s 0. 7 8 /in 

4gllJb(~ N n - GaAss<-y~7 tM(MW-0 . 5 fim) 1 2, n - Al 0 5 Ga ft5 AsT 
KJiOMl. 7 /tm) 1 3, i - Al^Ga^Asfllff 4 Onm) t i - Al 0-2 
Ga 08 As(^l?5nm)i:(Djli^®$n^2®^bj^5T$P3t^-r KIl4, #1 
*^#Ffi&t£Jl (^MifcS 0.785jum)15, i- Al 0 . 2 Ga 0-8 As (SI? 5 nm) t 
i - Al 0 . 3 Ga a7 As0fJ¥4 Onm) fc©«Sm3»S $*tfc 2«^bdt<5±»3t^f>f K 
116, p - Al 05 Ga 05 As_Lg|5B 1^77 KS Of J?0 . 2 /i m) 1 7, p - GaAs 
xyfy^ h y 7°J1 OBff 3 nm) 1 8, p - Al a5 Ga 0 5 As±gP^ 2 ^ 7 $/ Kg 
imWl. 2 /zm) 1 9, p - GaAs^:^;? Mp(Jf/?0. 7 /zm) 2 0 2>S N r.a>NSJ* 

* h y^S 1 8<DE±K % AlGaAs±9P»2 Kg 1 9 :fc«fctf GaAs^ 

<< zfffim&, si s a*** 2 mx-fc 5 „ #1^^ y ^9* v v zfm 1 8 ©6±©f 

n - Al^GaojAs^lS^SZ^IfOlffO. 6/im)21, n - GaAsf^ 2 i§#>ii 
^JIOSJ^O. 6 Mm) 2 2, p - GaAs^3S#>&^Jf (g/?0. 7 ^m) 2 3 tf^Jf 
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&*J| 2 1 — 2 3±<D£.ffiK^ p - GaAs^r-t S/^Jf (Jiff 2 //in) 2 4tfqiJl£ 

n w-t\ ±m^WA^^^w$. is tt, 2ioo.6 5 %mmm<D I n a34 

Ga 0 . 66 As 0 „ 9 P 051 #FJi(SJ¥7. 5nra) t 3fO- 1 . 2%§I3S^<£ I n 0 05 Ga a9S 
As 0 . 56 P a44 |*ayi b!S l , % 3 Jf g <Z>Jiff 7 . 5 nm, ^ 2 € B ©Jiff 7 

nnOi:^ 2&EWWI LT (o* 5 % P*M^#FJi&tt^)*j££;h,-CV^ 0 
±3Bfl|j5fc<E> 0 . 6 5 %J±*§S I nGaAsP#FI¥^I/- WPtts KT©i 

12. n -T&*7* KJgl 3, T«P3t#^ KJil4, 3Ji<C>|ffSJi & <fcT*2Ji 

p - JtSBll 1^7^117, p - ^ h^il8, p - Jhgpif! 2 ^ 

7 5/ KJf 19, p - h 2 03:, MOCVDtCtoTJi^KS^-e^^ 

TfcSo ££>l^ p - ^V** h 2 0 ±.\Z.$itf % }) yiS* h 7 4 TWSk&l&f&t 

5p - aisff h 2 O&J-tfp -±^2^75/ KJll 9<D&-&$^y h^s^ 
^12 1, n - f 2ife^i2 2 s P' -IS3ffl«>3i^ji2 3S: % NS2fcS|Jii-So 

*<om&. ±12 y h 7>r7°i3iw±ffiict)^a^i 2 1, 2 2, 2 3*5 

S«>5i^2 3±^^^±fSia^$P^<^SrS9«k5^^v ? ^ h^*^ 
(E^-fr-f) &7&*1-S„ LTs ±ISca^<DK5 1 3 m&j&frm 2 1 ~ 2 3 
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InGaAsP^O. 7 — If M*<Dm.WL^-#-Fm\zMR-tZ>Wi 

^tsmfis ±H6lT0 3ot'fc5 0 

1) E^Tii, m.m^±% <^^m> *t3ITNfc£#^#LTEg2$;*ct < 

TJ. Appl. Phys. , 54, 4, p2052(l983) J {3LH®J Lfcx^^III £*VCV^5 0 t 
fr^^s I nGaAsPtCllLTtt^fli^tLTfiV^V^ rOEgO^btiot, 

tLfc 7 8 0nmT«i-r5£H*£<£> ? JBE^«!l<7>^{'OVNTfi, «t 9 P#ljto 

2) 01 O^tfL/c I nGaAsP©EgWf-^H2 0 ^aii]^-^ £ Hfc 
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ftU-t 5 IBM ft B s oT> J; 0 i£ V ^jgjf -CJ&ST? # 3 r. £ ^ nftg \~ ft 5 <k % x. 

■So 

'Pft^ffii&lZ&^T, I nGaAs P#FI©llfi!clrS-* ^ LT^fr I — 

6 5 %f±ffim.(D I n 0 . !4 Ga t(6 As i ,,P 0> , l #FI©-i < x JE*i£©*«: 1 %«t 9 
/h*<U lo, Pll^lrO. 5 5 e t5/h$<t5rtiaoT, Km^T'ffM 

^LT. ±fBl)Rt*2)(E>S&K:£oT, 7 8 0 nnKDi&ftri^f Eg 

>M 1 0 $ *Lfc E gOllU; 9 t>pm^^jfev^^i*ttfcr t^istot 

t5l.5 5eV, 1. 6 0eV<DE g m^i- o {§.U rfttt&i*Lt>|*<Btt&7jr*- 

( a ) »J&-f 5 E gj& 0HTC^ LT V % 5 „ 

JE^SSrO. 5%i>J/jN$<-rsr t s t>U<(i. P^0.5 0J; 

4 K^fi 5 fc, ^FlOli^O. 2 5%<£E|gaift< 1. 0%t LtztZ, g§ 
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a(GaAs) t L N t "f5Jg &^«W*<E>&^£i&:S:a(X) £ 
{a(X)-a(GaAs)}/a(GaAs)xl 0 0 (%)T*^it5 c ®4fi % f"#p 

.0 4 ^i-^m(±. 011 ^ Lfcjif&ffiS^T'^-f-S I nGaAs^FI^ 

ffl LTV ^5tt^sK>l8Sfeftoj* v ^ «fc 5 b n*. b*L5 0 

GaAsP^«jfcLT^fH«<0#fb&6&C£*^ #F^<^P*fl^0 3 fc*5tt 
5JBEIBSl%£iLTOlSgJge(a)rt^*5V^0. 5 5 «fc «9 Vh£V^0. 5 lifSri 
I'iot, I nGaAsP?:MOCVD^(aoT^I$f5ilI7tV-^ 

##tf*3g£UJfei^J:5KL-a^3. l % J: 0 t>/J N $ < loo. 

iAtsraaox, lfiSJSS:Ttf5:i:asff5 c -t^Jk ioomw 

0§Mf^*>S*^ — <»^Matthew©?Hfe (Thin Solid Films, 26, 1, pp. 129—134 
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(B$fen) £©#JIJ?&Dwm, Dbni: U 



SrAAwm, AAbni: Lfc^-a^ x A = £ (A AwmxDwm+ A AbnxDbn)/(2 
( D wm + D b n) ) Xfem £ ti 5 i£t£«# 1*1 © ¥ *&2I * A tf> # * & ft 5 f& «t 
•5 1>s S14fiB«rtO|gJKff.S (Dwm+Dbn) < i"S *&&PM 

%<oyk&\zxsst^x^ m^^mamm ws^* : -o. 4 5 %) ©i&imps 



5, 



<D I nGaAsPfe*tt, Mttmm.A&J:% W£if Egt>±# < ft5„ -^(Dtz^ 



^tft?l!S^Sr^A-t-5^i:^«toT. #FJf© 



O/O' <y ^oc^ E g ( b ) 



it0iAEg=(Eg(b)-Eg(w))^<t5rtm5 o Lt, ± 
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3 1±H1* n - GaAs^5/7 7l(lf 0. 5 (i m) 3 2 , n - Al 0 4 Ga a6 AsT£fl 
ll^yKi (ill? 1 . 5 ix m) 3 3 a, n - Al 0S Ga 0 s AsTgB35 2??y KJ1 
(Hi? 1 . 5 ll m) 3 3 b, i - Al 0 35 Ga 0 M AsT^%^ ^( KJf (®J¥ 3 0 nm) 3 4 , 
^M^FJSttW (3£Jg&S 0 . 7 8 m m) 3 5 , i - Al a35 Ga a65 As±$|5^ 
-Y RJ1 Of J¥ 3 0 nm) 3 6 , p - Al 05 Ga 0 . 6 As_tgfl^ 1^7y KJB (Jiff 0.2/im) 

3 7, p - GaAs^r/^-V^ h y :/Jf (Jiff 3 nm) 3 8, p - Al 0 5 Ga a5 As_hgB 
^2^7^ KAGMl. 2/xra)3 9, p - GaAs3^7 hJf (JlffO. 7|zm)4 

r^>|llST*n - GaAsgtS3 1 »k^Jl £ft/r^J#£ ftTl^o ^LT, 
p - GaAs^ h vy^fg 3 8 <DW.±K S AlGaAs_L§l$| 2^77 KJ1 3 9 

*J«tT>*GaAs3>-^^ M4 0T'^5!) h 7^W3t^^$*LTV>5. 

138 Ei^ft^J^V^BffT-^l 2 At mT*&>5<, 

- Al 07 Ga 03 As3llffia6&^KJIffO. 6 Aim) 4 1, n - GaAs^ 2S#>i2i^- 
JlOIff 0. 6 Aim) 4 2, p - GaAsH 3 ffl52^Jg (Jf ff 0 . 7 At m) 4 3 /&SfgJf 

4 1 ~4 3±<Z>:£ffi^ x p - GaAs^r-T S'T'JiUlff 2 /z m) 4 4 ;&S*tJl £ frl/C I ^ 

r £, T\ ±l2#S*^#F?Sti^ 3 5 ft, 2 SO 0.35 %ff *t£tf> I n 0 . 27 
Ga 0 . 73 As 0 . 55 P 0 . 45 #FJl(J§ff 8nra) £ % 31©- 1.45 %$mm<D I n 0 09 Ga O91 
As 0 41 P^RM 1,1311 tf>JBff 10nm,^2ll ©Iff 5 nm) 

&3Uzmm UT (o£ «9 s l*gJl^#F»&»^)*J*£;ivCV<>;5 0 f*L 

GaAsP#FSoPjaj*S:JEESISil%OTOfB*fi<a)rtlc*3V^O. 5 0 J; «9 t> 
/h^O. 4 5 £ LTV^5<DT\ MOCVDMICj:oX«t5i(^tV- 



r » 



10 



15 



20 



25 
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?/i'&mt>*&±-tz> r. t ttJ5cv\ #jF*m<DmA& i %«t o <ioo 



iKlO. 7 8 n mX*W) ft £ It tz.m& 



f41 nmfi x fh 



fftts 2c* -0. 7 5%*3il>*4 lnnfe£>5 0 £©±5^ 
<D£o frGaAs£4R±© I nGaAs P^#^T-<D^W«ji^3o^Tte, *NMfc 

It, ESa#l^^3 lnm(D 1. 5f&T*fe54 6. 5nmJ: K> t>/h$V\ Lfc^oT, 

• $ 3 mM<omm 

0 6l:/1rfJ: ^H*£^li^*5tt5^^(*:^— if^gtt, n - GaAsS^ 

5 l±t- N n - GaAsA5/77l(lJ?0. 5 /tm) 5 2, n - Al 0 „Ga a6 AsTg& 
YM OBff 1 • 3 m m) 5 3a, n - AL s Ga 0 s AsT§&l? 2^7^ K® (J| 



1. 0 Aim) 5 3 b, i - Al 0 ^O^^KsiMW- 3 Onm) £ i - Al„ , 5 Ga 0 re As{ 



'0.65 



0.25 



l 0.75- 



0. 7.8 /xra) 5 5, i - Al^G^ 75 As(iH 3 nm) £ i - Al n „Ga fl .«As(Bff 



k 0. 75 



0.35 



fc 0.65 
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3 Onm) b<DmiZ2m*bf&5± : &yttf'( KS5 6, p - Al a5 Ga 05 As_hg(5|il 
Ifvy K7S(Jil¥0. 2 urn) 5 7, p - GaAsxyfy^7 H y 7°)! OiJ? 3 nm) 
5 8, p - Al 15 Ga c 5 As±^2^7 5/ KS (Hff 1 . 2 /in) 5 9, p - GaAs 
=iy#? 0 Mm) 6 -©Jfi-Cn - GaAsI^5 HHfl^S/l £ 

*1TCV^ 0 tUT> p - GaAsx-yfy^ h y^f5 8ff±l£ % AlGaAs± 

r n X\ ±lE#fi4^#Fi&t£1igi§£ 5 5 fi s 2 JgO 0 . 2 8 %ff *t^O I n 025 
Ga, >75 As a57 P 0 . 43 #FJi (JfJBfl lnm) t. 3 J1<D- 1 . 2 %§|»3lOGaAs ae6 
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